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LVSHUIRUPHGDW WKHVORSH WRH>@6XFKD IDLOXUHSURFHVVFDQEHVXFFHVVIXOO\DQDO\VHGXVLQJDQXPHULFDODSSURDFK
ZKLFK LVDEOH WRVLPXODWH UHOLDEO\ WKH IRUPDWLRQDQGGHYHORSPHQWRI WKHVKHDU]RQHV LQZKLFKVWUDLQ ORFDOLVHV$Q
DSSURDFKZLWKWKHVHFKDUDFWHULVWLFVZDVSURSRVHGE\7URQFRQH>@DQG&RQWHHWDO>@WRSHUIRUPDVORSHVWDELOLW\
DQDO\VLVXQGHUWZRGLPHQVLRQDOFRQGLWLRQV,QWKLVDSSURDFKDQHODVWRYLVFRSODVWLFFRQVWLWXWLYHPRGHOLVXVHGLQZKLFK
WKHVRLOVWUHQJWKSDUDPHWHUVDUHUHGXFHGIURPSHDNWRUHVLGXDOZLWKWKHDFFXPXODWHGGHYLDWRULFSODVWLFVWUDLQ$VDQ
H[WHQVLRQRIWKHVWXG\SHUIRUPHGE\7URQFRQH>@WKHDERYHPHQWLRQHGDSSURDFKLVDSSOLHGLQWKHSUHVHQWSDSHUWR
DQDO\VHWKH6HQLVHODQGVOLGHXQGHUWKUHHGLPHQVLRQDOFRQGLWLRQV7KHUHVXOWVIURPWKLVDQDO\VLVKDYHFRQILUPHGWKDWD
SURJUHVVLYHIDLOXUHRFFXUUHGDW6HQLVHRZLQJWRWKHGHHSH[FDYDWLRQVFDUULHGRXWDWWKHVORSHWRHDQGKDYHKLJKOLJKWHG
WKH'QDWXUHRIWKLVSURFHVV

)LJD3ODQRIWKHODQGVOLGHDUHDZLWKDQLQGLFDWLRQRIWKHEXLOGLQJVLQYROYHGDGDSWHGIURP'HO3UHWHDQG+XWFKLQVRQ>@EJHRORJLFDO
FURVVVHFWLRQDGDSWHGIURP9LJJLDQLDQG'L0DLR>@
$EULHIGHVFULSWLRQRIWKH6HQLVHODQGVOLGH
7KHODQGVOLGHRFFXUUHGDWDVLWHGHQRPLQDWHG7LPSRQHKLOO7KHGLPHQVLRQVRIWKHODQGVOLGHZHUHDERXWPLQ
ZLGWKDQGPLQOHQJWK7KHWKLFNQHVVRIWKHODQGVOLGHERG\YDULHGIURPPWRP$SODQRIWKHODQGVOLGHLV
VKRZQLQ)LJXUHD7KHODQGVOLGHLQYROYHGWKHEXLOGLQJVLQGLFDWHGE\WKHQXPEHUVIURPWR$GHWDLOHGGHVFULSWLRQ
RI WKH GDPDJH FDXVHG WR WKHVH EXLOGLQJV FDQ EH IRXQG LQ WKH VWXGLHV SUHYLRXVO\ FLWHG >@ 7KH EXLOGLQJV ZHUH
FRQVWUXFWHG LQ WKHSHULRGIURP WR>@%HIRUH WKHLUFRQVWUXFWLRQH[FDYDWLRQVZLWKGLIIHUHQWGHSWKZHUH
SHUIRUPHG7KHGHSWKRIH[FDYDWLRQDVHVWLPDWHGE\'HO3UHWHDQG+XWFKLQVRQ>@LVVSHFLILHGLQ)LJXUHLQZKLFK
WKHGDWHRIWKHSHUPLVVLRQIRUWKHFRQVWUXFWLRQRIHDFKEXLOGLQJLVDOVRVKRZQ2QWKHEDVLVRIWKHVHGDWDLWFDQEH
DVVHUWHGWKDWVRPHH[FDYDWLRQVRIVPDOOGHSWKZHUHILUVWSHUIRUPHGIRUFRQVWUXFWLQJEXLOGLQJVDQG$IWHUZDUGV
LPSRUWDQWH[FDYDWLRQVZLWKDPD[LPXPGHSWKRIDERXWPZHUHFDUULHGRXWLQWKHVKDUHG]RQHLQGLFDWHGLQ)LJXUH
DZKHUHVRPHKLJKUHLQIRUFHGFRQFUHWHUHWDLQLQJZDOOVZLWKVKDOORZIRXQGDWLRQVZHUHFRQVWUXFWHGDW WKHEDFNRI
EXLOGLQJVDQGUHVSHFWLYHO\)LJD,QDGGLWLRQ)LJXUHVKRZVWKDWWKHODQGVOLGHRFFXUUHGDWOHDVWWZR\HDUV
DIWHU WKHFRQVWUXFWLRQRI WKHEXLOGLQJV7KHRXWFURSSLQJJHRORJLFDO IRUPDWLRQFRQVLVWVRI \HOORZLVK VDQGZLWK
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LQWHUEHGGHG WKLQ OD\HUVRIFOD\H\VLOW $OLDQRIRUPDWLRQ7KHVH OD\HUVZLWKDGLSSUHYDOHQWO\6RXWK:HVWKDYHD
WKLFNQHVVUDQJLQJIURPVRPHFHQWLPHWUHVWRVHYHUDOGHFLPHWUHVDQGDQDYHUDJHLQFOLQDWLRQGRZQVORSHRIDERXW
ZLWKUHVSHFWWRWKHKRUL]RQWDOSODQH7KHVDQGLVYHU\GHQVHDQGLVFKDUDFWHULVHGE\DVLJQLILFDQWGHJUHHRIFHPHQWDWLRQ
7KH$OLDQRIRUPDWLRQRYHUOLHVDIRUPDWLRQRIEOXHJUH\FOD\)LJE7KHIRUPHUIRUPDWLRQFDQEHGDWHGEDFNWRWKH
/RZHU 3OHLVWRFHQH DQG WKH ODWWHU WR WKH /RZHU 3OHLVWRFHQH RU 8SSHU 3OLRFHQH >@ $IWHU WKH ODQGVOLGH D VLWH
LQYHVWLJDWLRQFRQVLVWLQJRIERUHKROHVVWDQGDUGSHQHWUDWLRQWHVWVDQGODERUDWRU\WHVWVZDVSHUIRUPHG7KHODERUDWRU\
WHVWVVKRZHGWKDWERWKWKHVDQGDQGVLOWDUHFKDUDFWHULVHGE\DSURQRXQFHGVWUDLQVRIWHQLQJEHKDYLRXU>@6HYHUDO
SLH]RPHWHUV DQG LQFOLQRPHWHUVZHUH DOVR LQVWDOOHG ,QFOLQRPHWHU UHDGLQJV UHYHDOHG WKDW WKHPDLQ VOLS VXUIDFH ZDV
ORFDWHGDWDGHSWKRIDERXWPIURPWKHJURXQGVXUIDFHLQWKHFHQWUDOSDUWRIWKHODQGVOLGHERG\7KLVVOLSVXUIDFH
RQO\LQYROYHGWKH$OLDQRIRUPDWLRQDQGGHYHORSHGHVVHQWLDOO\ZLWKLQDWKLQOD\HURIFOD\H\VLOWZKHUHSODVWLFVWUDLQ
ORFDOLVHG>@/DVWO\DVDVVHUWHGLQDOO WKHSUHYLRXVVWXGLHV>@JURXQGZDWHUZDVQRWIRXQGLQWKHSLH]RPHWHUV
LQVWDOOHGLQWKHODQGVOLGHDUHD


)LJ'DWHRIWKHFRQVWUXFWLRQSHUPLVVLRQIRUWKHEXLOGLQJVLQYROYHGE\WKHODQGVOLGHZLWKDQLQGLFDWLRQRIWKHPD[LPXPGHSWKRIH[FDYDWLRQ
SHUIRUPHGIRUHDFKEXLOGLQJIURP7URQFRQH>@
)LQLWHHOHPHQWDQDO\VLVRIWKH6HQLVHODQGVOLGH
7KHQXPHULFDODQDO\VLVRIWKH6HQLVHODQGVOLGHLVSHUIRUPHGLQWKLVVWXG\XVLQJWKHILQLWHHOHPHQWFRGH7RFKQRJ
>@$PHVKFRQVLVWLQJRIWHWUDKHGUDOVROLGHOHPHQWVZLWKIRXUQRGHVDQGRQH*DXVVSRLQWLVDGRSWHGWRUHSUHVHQWWKH
VORSHZKHUHWKHODQGVOLGHRFFXUUHG)LJ7KHVWUDWLJUDSK\RIWKHVXEVRLOLVDOVRLQGLFDWHGLQ)LJXUHIURPZKLFK
LWLVHYLGHQWWKHSUHVHQFHRIDWKLQOD\HURIFOD\H\VLOWZLWKVORSHRIDERXWDWDQDYHUDJHGHSWKRIDERXWPIURP
WKHJURXQGVXUIDFHZKHUHWKHVOLSVXUIDFHZDVIRXQG>@7UXVVEHDPHOHPHQWVZLWKOLQHDUHODVWLFEHKDYLRXUDUHXVHG
IRUGLVFUHWL]LQJWKHUHWDLQLQJZDOOVORFDWHGDWWKHEDFNRIWKHEXLOGLQJV7KHEDVHRIWKHVORSHLVIXOO\IL[HGZKLOHWKH
EDFN WKH IURQW DQG WKH ODWHUDO VLGHV DUH FRQVWUDLQHG E\ YHUWLFDO UROOHUV $FFRUGLQJ WR WKH UHVXOWV IURP WKH VLWH
LQYHVWLJDWLRQ QR JURXQGZDWHU LV FRQVLGHUHG LQ WKH DQDO\VLV ,Q DGGLWLRQ LW LV DVVXPHG WKDW WKH HIIHFWV RI SDUWLDO
VDWXUDWLRQDUHQHJOLJLEOH&RQVLGHULQJWKHXQFHUWDLQWLHVIRUGHILQLQJWKHJHRORJLFKLVWRU\RIWKHVLWHDQGWKHODFNRI
VSHFLILFJHRWHFKQLFDOGDWD WKH LQLWLDOVWUHVVVWDWHRI WKH VORSHLHEHIRUHH[FDYDWLRQ LV UHSURGXFHGE\ LQFUHDVLQJ
SURJUHVVLYHO\WKHJUDYLW\DFFHOHUDWLRQXSWRPVXQGHUWKHDVVXPSWLRQWKDWWKHVRLOEHKDYHVDVDQHODVWLFSHUIHFWO\
SODVWLFPHGLXPZLWK0RKU±&RXORPEIDLOXUHFULWHULRQ$WWKHHQGRIWKHJUDYLW\ORDGLQJWKHDVVRFLDWHGGLVSODFHPHQWV
DQGVWUDLQVDUHUHVHWWR]HUR6XEVHTXHQWO\WKHH[FDYDWLRQVDUHVLPXODWHGE\DSURJUHVVLYHUHPRYDORIWKHVRLOHOHPHQWV
LQIURQWRIWKHUHWDLQLQJZDOOVZKLFKZHUHSUHYHQWLYHO\LQVWDOOHGZLWKRXWDIIHFWLQJWKHVWUHVVVWDWHLQWKHVORSH7R
DFFRXQW IRU WKH VWUDLQVRIWHQLQJ EHKDYLRXU RI ERWK WKH \HOORZ VDQG DQG WKH FOD\H\ VLOW WKH HODVWRYLVFRSODVWLF
FRQVWLWXWLYHPRGHOGHVFULEHGLQGHWDLOE\7URQFRQH>@LVXVHG,QWKLVPRGHOD0RKU&RXORPESODVWLFODZZLWKDIORZ
UXOHRIQRQDVVRFLDWHGW\SHLVDGRSWHG7KHVWUDLQVRIWHQLQJEHKDYLRXURIWKHVRLOVLVVLPXODWHGUHGXFLQJWKHVWUHQJWK
SDUDPHWHUVIURPSHDNWRUHVLGXDOZLWKWKHDFFXPXODWHGGHYLDWRULFSODVWLFVWUDLQ>@
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WKLVVWXG\WRUHODWHWKHPRELOLVHGVWUHQJWKSDUDPHWHUVRIWKHVRLOWRNVKHDU$VFDQEHVHHQWKLVUHODWLRQVKLSLVGHILQHG
E\WKHWKUHVKROGV SVKHDUN DQG UVKHDUN $UHODWLRQVKLSVLPLODUWRWKDWVKRZQLQ)LJXUHFDQDOVREHDGRSWHGIRUWKHDQJOHRIGLODWDQF\\>@

)LJ5HODWLRQVKLSEHWZHHQWKHVRLOVWUHQJWKSDUDPHWHUVĳcDQGFcDQGWKHSODVWLFVWUDLQLQYDULDQWNVKHDUZLWKDQLQGLFDWLRQRIWKHVWUDLQ
WKUHVKROGV SVKHDUN DQG UVKHDUN 
216   Antonello Troncone et al. /  Procedia Engineering  158 ( 2016 )  212 – 217 
7KHPDWHULDOSDUDPHWHUVUHTXLUHGE\WKHFRQVWLWXWLYHPRGHODUH<RXQJ
VPRGXOXV(c3RLVVRQ
VUDWLRXcWKHDQJOH
RIGLODWDQF\\WKHSDUDPHWHUVGHILQLQJWKHSHDNĳcSFcSDQGUHVLGXDOĳcUFcUVWUHQJWKRIWKHVRLODQGWKHDERYH
VSHFLILHGVWUDLQWKUHVKROGV7KHYDOXHVDVVXPHGIRUWKHVHSDUDPHWHUVDUHVKRZQLQ7DEOHDQGWKHLUYDOLGDWLRQZDV
SHUIRUPHGE\7URQFRQH>@E\VLPXODWLQJVRPHH[SHULPHQWDOUHVXOWVIURPWULD[LDOWHVWV7KHYLVFRXVFRPSRQHQWRIWKH
PRGHOGHVFULEHVDPDWHULDOZKRVHUHVSRQVHLVGHOD\HGZLWKWLPHDQGUHTXLUHVWZRDGGLWLRQDOFRQVWLWXWLYHSDUDPHWHUVJ DQGĮ >@ ,QSDUWLFXODUJ LQIOXHQFHV WKHYHORFLW\ZLWKZKLFK D VWUDLQSURFHVVRFFXUV RZLQJ WR D JLYHQ VWUHVV
FKDQJH7KHUHIRUH LIGLIIHUHQWYDOXHVRIJ DUHDVVXPHG WKHPDWHULDO UHVSRQVH LVGHOD\HGRUDQWLFLSDWHGZLWK WLPH
$OWKRXJKWKHYLVFRXVFRPSRQHQWLVRIWHQXVHGDVDGHYLFHWRUHJXODULVHWKHQXPHULFDOVROXWLRQ>@WKHYDOXHVRIWKH
YLVFRXVSDUDPHWHUVDUHFKRVHQLQWKHSUHVHQWVWXG\DOVRZLWKWKHREMHFWLYHRIGHOD\LQJWKHVORSHIDLOXUHRIRYHUWZR
\HDUVUHVSHFWWRWKHH[FDYDWLRQVFDUULHGRXWIRUWKHFRQVWUXFWLRQRIWKHEXLOGLQJV)LJ6SHFLILFDOO\WKHYDOXHV
DVVXPHG LQ WKH DQDO\VLV IRU WKHVH SDUDPHWHUV DUH J   GD\ DQG ā GD\ IRU WKH VDQG DQG WKH FOD\H\ VLOW
UHVSHFWLYHO\DQGĮ IRUERWKVRLOV/DVWO\FRQVLGHULQJWKDWWKHIDLOXUHSURFHVVGLGQRWLQYROYHWKHIRUPDWLRQRI
EOXHJUH\FOD\WKHEHKDYLRXURIWKLVIRUPDWLRQLVVLPXODWHGE\DQHODVWLFSHUIHFWO\SODVWLF0RKU±&RXORPEPRGHO7KH
UHVSHFWLYHFRQVWLWXWLYHSDUDPHWHUVDUHDOVRLQGLFDWHGLQ7DEOH
7DEOH6RLOSDUDPHWHUVXVHGLQWKHDQDO\VHVDIWHU7URQFRQH>@
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([FDYDWLRQV SHUIRUPHG IRU WKH FRQVWUXFWLRQ RI EXLOGLQJV  DQG  DUH ILUVW VLPXODWHG7KHQ WKH HIIHFWV RI WKH
H[FDYDWLRQVIRUEXLOGLQJVDQGDUHDQDO\]HG7KHGHSWKRIWKHVHODWWHUH[FDYDWLRQVUDQJHVIURPWRP'XHWR
VSDFHOLPLWDWLRQV WKHDVVRFLDWHGUHVXOWVDUHQRWVKRZQLQWKHSUHVHQWSDSHU$Q\ZD\WKHFDOFXODWHGGLVSODFHPHQWV
ZHUHRIUHODWLYHO\VPDOOPDJQLWXGHDQGDIIHFWHGDUHVWULFWHGSRUWLRQRIWKHVORSH,QDGGLWLRQVLJQLILFDQWGHYLDWRULF
SODVWLFVWUDLQZDVQRWDFFXPXODWHGZLWKLQWKHVORSH7KLVLPSOLHVWKDWQRIDLOXUHSURFHVVGHYHORSVLQWKHVORSHRZLQJ
WRWKHVHH[FDYDWLRQV/DVWO\H[FDYDWLRQVRIGLIIHUHQWGHSWKDUHVLPXODWHGIRUWKHFRQVWUXFWLRQRIEXLOGLQJVPD[LPXP
GHSWKRIPDQGEXLOGLQJPD[LPXPGHSWKRIP)LJXUHDVKRZVWKHGLVSODFHPHQWILHOGFDOFXODWHGDWWKHHQG
RI WKHVH H[FDYDWLRQV$V VKRZQ WKHGLVSODFHPHQW DPSOLWXGH LV VWLOO VFDUFHO\ VLJQLILFDQW+RZHYHU WKLV DPSOLWXGH
LQFUHDVHV ZLWK WLPH )LJ EF DQG DWWDLQV YHU\ KLJK YDOXHV DW W   GD\V )LJ G LH RYHU WZR \HDUV DIWHU
FRPSOHWLQJDOOWKHH[FDYDWLRQVDVSUREDEO\LWRFFXUUHG&RQVLGHULQJWKHPDJQLWXGHRIWKHVHGLVSODFHPHQWVLWFDQEH
DVVHUWHGWKDWDJHQHUDOIDLOXUHRIWKHVORSHRFFXUV7KHDUHDDIIHFWHGE\PRYHPHQWHQODUJHVERWKLQWKHXSZDUGDQG
ZHVWZDUGGLUHFWLRQVLQYROYLQJDODUJHSRUWLRQRIWKHVORSHZKHUHEXLOGLQJVDQGDUHORFDWHG%\FRPSDULQJWKLV
]RQHWRWKHDUHDUHDOO\LQYROYHGE\WKHODQGVOLGHWKHFRQWRXURIZKLFKLVLQGLFDWHGLQ)LJDLWFDQEHQRWHGWKDWWKHUH
LVDUHDVRQDEOHDJUHHPHQWEHWZHHQVLPXODWLRQDQGREVHUYDWLRQ
&RQFOXGLQJUHPDUNV
$'DQDO\VLVFRQFHUQLQJWKH6HQLVHODQGVOLGHKDVEHHQSHUIRUPHGXVLQJDILQLWHHOHPHQWDSSURDFKLQZKLFKDQ
HODVWRYLVFRSODVWLF VWUDLQVRIWHQLQJ PRGHO LV LQFRUSRUDWHG 7KH UHVXOWV IURP WKLV DQDO\VLV VKRZ WKDW D SURJUHVVLYH
IDLOXUHRFFXUUHG LQ WKH VORSHRZLQJ WR WKHGHHS H[FDYDWLRQV FDUULHGRXW IRU WKH FRQVWUXFWLRQRI EXLOGLQJV DQG
LQGLFDWHG LQ)LJD6SHFLILFDOO\ IDLOXUH LQLWLDWHGDW WKH WRHRI WKHVORSH LQ WKHDUHDZKHUH WKHVHH[FDYDWLRQVZHUH
SHUIRUPHGDQGSURSDJDWHGLQWKHXSZDUGDQGZHVWZDUGGLUHFWLRQVXSWRFDXVHWKHFROODSVHRIWKHVORSH7KHH[WHQWRI
WKHDUHDDIIHFWHGE\PRYHPHQWVDQGWKHLUVSDWLDODQGWHPSRUDOHYROXWLRQUHVXOWLQJIURPWKHQXPHULFDOVLPXODWLRQXQGHU
'FRQGLWLRQVDUHLQIDLUO\JRRGDJUHHPHQWZLWKZKDWREVHUYHGLQILHOG

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)LJ'LVSODFHPHQW ILHOGFDOFXODWHGDW D WKHHQGRIDOO H[FDYDWLRQV E W GD\V F W GD\V G W GD\VDIWHUFRPSOHWLQJ WKH
H[FDYDWLRQV
5HIHUHQFHV
>@0'HO3UHWH -1+XWFKLQVRQ/D IUDQDGL6HQLVHGHOQHO TXDGURPRUIRORJLFRGHO YHUVDQWHPHULGLRQDOHGHOOD FROOLQD7LPSRQH
,WDOLDQ*HRWHFKQLFDO-RXUQDO±
>@$*XHUULFFKLR*0HOLGRUR8UEDQL]]D]LRQHHIUDQRVLWjGHOOHIRUPD]LRQLVDEELRVHSOLRSOHLVWRFHQLFKHLQ%DVLOLFDWDLOFDVRGL6HQLVH0HPRULH
GHOOD6RFLHWj*HRORJLFD,WDOLDQD±
>@&9LJJLDQL&'L0DLR5HVLVWHQ]DDWDJOLRPRELOLWDWDQHOODIUDQDGL6HQLVH*UXSSR1D]GL&RRUGSHUJOL6WXGLGL,QJHJQHULD*HRW&15
&RQYHJQRVXOWHPD'HIRUPD]LRQLLQSURVVLPLWjGHOODURWWXUDHUHVLVWHQ]DGHLWHUUHQLQDWXUDOLHGHOOHURFFH5DYHOOR,WDO\±
>@$7URQFRQH1XPHULFDODQDO\VLVRIDODQGVOLGHLQVRLOVZLWKVWUDLQVRIWHQLQJEHKDYLRXU*pRWHFKQLTXH
>@$7URQFRQH(&RQWH$'RQDWR7ZRDQGWKUHHGLPHQVLRQDOQXPHULFDODQDO\VLVRIWKHSURJUHVVLYHIDLOXUHWKDWRFFXUUHGLQDQH[FDYDWLRQ
LQGXFHGODQGVOLGH(QJLQHHHULQJ*HRORJ\±
>@ / %MHUUXP 3URJUHVVLYH IDLOXUH LQ VORSHV RI RYHUFRQVROLGDWHG SODVWLF FOD\V DQG FOD\ VKDOHV -RXUQDO RI 6RLO 0HFKDQLFV DQG )RXQGDWLRQ
(QJLQHHULQJ'LYLVLRQ$6&(
>@(&RQWH)6LOYHVWUL$7URQFRQH6WDELOLW\DQDO\VLVRIVORSHVLQVRLOVZLWKVWUDLQVRIWHQLQJEHKDYLRXU&RPSXWHUVDQG*HRWHFKQLFV
±
>@'*5RGGHPDQ72&+12*3URIHVVLRQDOXVHU¶VPDQXDO+HHUOHQ)($77KH1HWKHUODQGV
>@'9*ULIILWKV&RPSXWDWLRQRIFROODSVHORDGVLQJHRPHFKDQLFVE\ILQLWHHOHPHQWV,QJHQLHXU$UFKLY
>@'03RWWV*7'RXQLDV359DXJKDQ)LQLWHHOHPHQWDQDO\VLVRISURJUHVVLYHIDLOXUHRI&DUVLQJWRQHPEDQNPHQW*pRWHFKQLTXH
±
>@(&RQWH$'RQDWR$7URQFRQH3URJUHVVLYHIDLOXUHDQDO\VLVIRUVKDOORZIRXQGDWLRQRQVRLOVZLWKVWUDLQVRIWHQLQJEHKDYLRXU&RPSXWHUV
DQG*HRWHFKQLFV±
>@&GL3ULVFR6,PSRVLPDWR7LPHGHSHQGHQWPHFKDQLFDOEHKDYLRXURIORRVHVDQGV0HFKRI&RKHVLYH)ULFWLRQDO0DWHULDOV±
>@2&=LHQNLHZLF],&&RUPHDX9LVFRSODVWLFLW\²SODVWLFLW\DQGFUHHSLQHODVWLFVROLGV²DXQLILHGQXPHULFDOVROXWLRQDSSURDFK,QWHUQDWLRQDO
-RXUQDOIRU1XPHULFDO0HWKRGVLQ(QJLQHHULQJ
